The inside of modern high power electronics consist of a large amount of integrated circuits for switching and supply applications. This technology has aside the benefits the problem of more and more increasing power density. Nowadays, heat sinks that are directly mounted on a device, are used as a thermal sink to reduce the on chip temperature and dissipate the thermal energy to the environment. This paper presents a concept of a composite coating for electronic devices on printed circuit boards or electronic assemblies that is able to buffer a certain amount of thermal energy, dissipated from a device. The aim of the idea is to suppress temperature peaks in electronic components during load peaks or electronic shorts, which could damage or destroy the device by using a phase change material to buffer the energy. The phase change material coating could be directly applied on the chip package or the PCB using different mechanical retaining jig approaches.
I. I
The trend in electronic assemblies to get more power in small packages leads to an imbalance in concern of thermal management. Despite shrinking of electronic parts on a printed circuit board (PCB) increases, the thermal loss of those parts remain the same or is going to increase [1] . This leads to smaller heat transfer interfaces between the actual electronics and the surrounding environment. This fact shows the urgent demand for an effective thermal management and cooling system on electronic assemblies. A similar problem occurs, when it comes to power electronics like power transistors, rectifiers, IGBTs or motor control circuits. These devices are manufactured with a factory given power dissipation exceeding 100 W [2] . This energy in form of heat has to be derived from the device to avoid derating or destruction. Prior art to handle this topic is, to add heat cooling elements like heatpipes, fans, heat spreaders or a combination of them, to improve the thermal heat flow from a device to the environment. Those large devices, mostly build up on metals or ceramics, require a lot of space on the assembly and in the device housing. Additionally it raises the total weight of the whole system. Every additional part of a heat sink on a PCB requires space for its placement and fixture, need a thermal conductive pad or paste to fill the air gap between the electronic device and the heatsink and mostly requires additional effort during manufacturing or assembly. To overcome these challenges there is a demand for a more effective solution to handle the thermal management of today's electronic assemblies. This paper will introduce a novel approach to handle the thermal challenges by using the latent heat storage in a phase change material (PCM), to reduce the thermal peaks in electronic components. Section II will provide the basics behind latent heat storage, section III introduces the new approach of the cooling concept. The screened materials will be presented in section IV. Finally the measurement system in section VI gets evaluated.
II. F

A. Phase Change Materials
The group of phase change materials consists of elements or compounds that form a phase change when they reach a certain temperature. They are separated into 4 groups: solidsolid transition, solid-liquid transition, solid-gas transition and liquid-gas transition. Each of these transitions have their own transition temperature and also works vice versa. Water for example has three transitions:
• solid-liqid at 0 • C (1 bar): ice melting to water • liquid-gas at 100 • C (1 bar): water boiling to vapour • solid-gas at 0.01 • C (0.006 bar) ice sublimating to vapour Each phase transition of the material requires an energy exchange with the environment to reach the new phase. The energy could be thermodynamically represented by a change in temperature, pressure or volume. In most cases the temperature variance has the major impact on a phase change [3] . A wide range of PCM materials are commercially available and can be classified in multiple classes ( Fig. 1) . One of the current research topics is, to find and characterize lots of new materials that can be used as a suitable PCM for [5] , [8] a specific application [4]- [7] . Regarding a special application, many constraints must be satisfied by a single PCM. Especially for the targeted application, there is the demand for a low volume and pressure change and a non-fugitivity of the material. So only a PCM with a solid-liquid change is an option.
B. Latent Heat Storage
A property of the solid-liquid (sl) phase transition is the ability to store a certain amount of energy in form of heat during the phase change. The physical representation is the specific heat C p at constant pressure of a material. This is a measure for the amount of stored heat Q that is stored within the materials phase with the temperature increase ∆T for a defined mass m.
When the temperature of a material rises, the amount of stored energy in form of heat increases proportionally, called sensible heat storage (Eq. 1). During a phase change, energy is required to release the molecular bonds of the material for the transition. Thereby the temperature remains nearly constant at the melting temperature T m , until the whole mass has completed its phase change. This latent heat storage Q l (Eq. 3) adsorb the heat while keeping the temperature of the material constant as 
The amount of stored heat is proportional to the enthalpy of fusion ∆Q l = q 2 − q 1 ∼ ∆h f us for isobar transitions.
C. Previous Research
The concept of using PCMs for cooling applications in electronics is already established in research for the last years [9] - [12] . Those previous ideas tries to encapsulate a PCM in a container or cavity that is directly thermally coupled to the electronic component. Advantages of this concept are the large amount of PCM that can be used and the fixture of the liquid material. Other concepts increase the thermal conductivity by adding metallic structures like foams, honeycomb plates, fabrics or fins to improve the melting speed gradient [12] - [14] . Mostly driven by solar energy storage applications the research of PCMs, and in special the sugar alcohols as a solid-liquid PCM, get into focus of researchers worldwide. In consequence more and more materials get discovered as a PCM and become available on the market. Especially the eutectic mixtures 1 are in focus of the researchers [15] . Their advantages are the possibility to choose a composition with a user selected melting point. Fig. 3 displays a generic example of the introduced concept. By adsorbing the thermal energy of a device during a phase 1Material mixtures that have a certain composition out of two or more materials with a special temperature point, where every material melts to the liquid phase. 
III. C C
transition, the maximum temperature T peak is limited by the melting temperature T m of the PCM.
A. Requirements
As mentioned in the introduction, every special application requires some constraints regarding the final product as summarized in table I.
Furthermore the material must be inflammable, non-toxic, non-corrosive, must have a low hygroscopy and be commercially available. When screening possible PCMs available, the group of sugar alcohols being brought up for consideration to fulfil the requirements. The next constraint is the ability of the materials to remain at their position of application during its lifetime on a final product. Since these materials have a very low viscosity in their liquid state, an additional fixture will be required for this purpose. When comparing the thermal conductivity from the requirements with the sugar alcohol values from the literature [16] (λ ≈ 0.73 W m −1 K −1 , decreasing with higher temperature), it is conspicuous that this property also has to be improved by using additional filler materials with a better thermal conductivity.
B. General Description
Compared to previous publications this paper describes a direct application of a solid-liquid PCM on the electronic component or assembly. Thus the electronic part or assembly should directly be covered with the PCM to adsorb the thermal Aside the optimisation of the parameters, the PCM/PCC must be fixed at its position during the liquid phase. Section V presents some approaches to achieve this goal.
IV. M E
A. Sugar Alcohols
Sugar alcohols as solid-liquid PCMs exist in a crystalline form at room temperature. To screen the different sugar alcohols from table II, each of them were melted twice: at first to fill approximately 1.5 g in small test tubes of borosilicate glass and heat them up to 30 • C above their melting temperature value within a heated glycerol bath. The second measurement was processed in groups with nearly the same melting range within an oven. The advantages of the oven measurement are a homogeneously distributed temperature within the ventilated oven chamber and a constant heating rate for each sample tube.
Simulation: As already mentioned before, sugar alcohols form eutectic mixtures with a defined and calculated melting temperature in dependency of the molar fraction of the components. The base for the calculations provides the modified UNI-FAC activity model [17] , which describe a physical behaviour correlation between similar chemical molecular groups. This model gives the activity coefficients γ = f ( χ a , χ b ) for each material combination of χ a and χ b by an observation of functional groups of particular materials.
The composition Ψ describes the components molar fraction χ i with the activity level γ i . Since the change of the specific heat during the phase transition is negligible (∆C p,i → 0), the terms of formula 6 simplifies to 7. The eutectic point results from the intersection of the liquidus line from component a and b.
The resulting enthalpy calculates from equation 9. An example from these values can be seen in Fig. 4 . A MATLAB script was Each PCM holds its temperature on its melting point until the whole material is completely molten. Afterwards, the sensible temperature rise continues. The width of the temperature plateau can be seen as a measure to compare the materials for its applicability as temperature peak buffer.
B. Additives
For the selected PCMs there are nearly no informations about the thermal conductivity available except for Erythritol with λ ≈ 0.73 W m −1 K −1 . Due to the chemical and physical structural resemblance between each sugar alcohol, all of them are assumed to have a value in this range since there is no available data within the literature. The heat transfers only through convection within the crystallized material until it starts melting. The initial liquefaction wave starts on the interface between the heat source and the PCM, and continues radial through the PCM volume with a velocity, that is limited by the thermal conductivity. Thus the conduction of heat within the material is insufficient for a direct application without any enhancements by additives with a much higher λ. These must be able to create a mixture with the PCM. An optimal additive creates a continuous matrix, where the main structure consist of a thermal high conductive material that increases the thermal interface between the heating source and the PCM. Therefore the interface among a heat source and the additive needs a strong thermal connection. Care must be taken, when electrical conductive additives were used. In this case an insulation layer must been added to the electrical assembly or component to prevent short circuits.
Powders: Powders of metals or ceramics provide a good mixing ability with the PCM and a good λ value. But in contrast they tend to sediment because of their higher physical density. Additionally they require a high packing density in the composition to create a thermal conductive matrix, resulting in a reduced fraction of PCM in the composite. Seven additives in form of powder were mixed with Xylitol as an example for a PCM. In addition to metals and ceramics also other PCMs with a different melting point were evaluated as a nucleus for crystallisation. As expected the metals increased the crystallisation rate. Exact measurements of the thermal conductivity and crystal growth rates of the mixtures are outstanding and will be reviewed in future research. As already seen on the first investigation, the metal powders with particle size between 5 to 200 µm form a good miscibility with the PCM. The carbon nano tubes (CNT) in contrast segregate on the bottom side of the test tube or float on the top of the liquid PCM. No full encapsulation of the CNT within the PCM was noticeable [18] . Some special techniques are likely required, to archive a homogeneous distribution. The visible effect of metal powder allows a conclusion to the nucleation of the sugar alcohols regarding a minimal nucleus size, which is required for a beginning crystallisation. These materials own a high surface energy that supports the heterogeneous nucleation of the surrounding PCM [19] . Liquids: Also similar structured materials were discovered to improve the crystallisation rate of sugar alcohols. Sepplälä et al. discovered an acceleration of the crystallisation rate by the factor 33 with 10 percent Methanol as an additive for Xylitol [20] . Due to chemical similarities among all sugar alcohols, it is probably possible to expand this reaction to other materials of this group. Also the combination of different sugar alcohols in liquid phase could improve the thermal endurance and cycle stability as shown in [21] .
V. PCM
A fixation has a combined purpose. At first it encapsulates the PCM in the solid and liquid state and prevents it from flowing away. At second it creates a thermal capsule or matrix to improve the thermal conductivity. The third task is to expand the surface for additional nuclei for initial crystallisation. Furthermore a fixation must protect the PCM from environmental influences like moisture or ultraviolet light. The following paragraphs describe different ideas so solve these issues.
A. Resin matrix
It is possible to create a composite with a PCM and a epoxy resin or acrylic resin matrix. The PCM must be ground in the solid phase and stirred with the resin in their liquid phase. After an application on the electronic component or PCB the material getting cured and form a solid composite. Previous research [18] examine multiple combinations of Erythritol and a electronic covering coating with best results with a volume content of 0.55 to 0.60 of Erythritol to coating mixture. An increase of the Erythritol component leads to high viscosity and didn't allow the application of the composite on the component. Fig. 6 demonstrates this concept.
B. Dam and Fill
The dam and fill fixation consists of three components: the dam out of a resin matrix, that circulates the component on the PCB, the PCM that fills the cavity within the dam and a glob top that encloses the PCM and prevents a drain of the liquefied PCM. There are some constraints on the dam and glob top material. These must be temperature stable over the full operating range of the electronic component. Furthermore it must be resilient but not brittle to stress and relax with the volume change of the PCM during the operation cycle (melting-freezing). The PCM to fixation ratio is better F . 7: D F 2512 . L -, R -PCM G T [18] compared to the resin fixation thus the PCM efficiency is larger.
C. Cooling bed
A third approach is to completely encapsulate the electronic component or assembly within a container, filled with a PCM/PCC. Since the material must be electrically insulating and non-corrosive, this fixation is able to cover a complete electronic assembly. The container must consist of different materials that are capable to transport the heat from the assembly away. This fixation could handle the largest volume of the PCM compared with the previous described ones and could buffer the largest amount of heat. As Fig. 8 visualizes the whole electronic assembly is immersed in the PCM and covered with a flexible panel that regulate the expanding and shrinking of the PCM during its operation cycle. 
VI. M
A testing circuit was developed for multiple purposes. The primary application is the thermal stress of multiple component housings with an applied PCM composite coating. The electronic parts are heated by creating a electrical short through the device. In parallel, the device temperature is measured using a K-type thermocouple as Fig. 9 demonstrates. The load could be a simple resistor or a transistor that is controlled by a pulse width modulation (PWM) driven enable signal. The measurement board can be connected and controlled by a PC or an configuration file, stored on a SD memory card. Measured data could also be stored on this SD card. With this setup it is possible to create different load and cycle profiles for each one of the four available channels. This measurement system is used to create long term cycle test of different PCM composites and their application methods on the electronic part or PCB. It works independent of a computer and only require a power supply. Each channel could create a thermal loss up to 48 W.
VII. C
The concept of a thermal buffer coating for electronic assemblies and components was presented in this article. The selection for the class of sugar alcohols as a PCM accomplish the requirements on a latent heat buffer material in electronic applications. The presented fixation solutions were evaluated at the first step to analyse their implementability. A selection from the screened additives were promising to improve the PCM properties and form a suitable PCC. An exact screening of the additives is required, primarily to improve thermal conduction of the PCC. Characterising the volume change, the cycleability and the enthalpy change after a large number of melting and freezing of the used sugar alcohols during its application as a PCM is mandatory for the long term stability and reliability. The measurement circuit will be used to do this screening. Multiple device housing should be characterized and tested. 
